Treatment of adenovirus type 5-infected cells at late times after infection (48 to 72 h p.i.) by hypotonic buffer and subsequent manipulation of the crude extract has resulted in the crystallization and reaggregation of the adenovirus type 5 fibre and hexon components.
A large excess of virus structural components accumulate in adenovirus-infected cells at late times after infection (Ginsberg & Dingle, 1965) . Extensive studies have been carried out on the adenovirus structural components (hexon, penton, fibre) purified from extracts of infected cells as well as with components prepared from purified virions (cf. Philipson, Pettersson & Lindberg, I975). Pereira and co-workers (Pereira, Valentine & Russell, 1968; Mautner & Pereira, ~97I; Pereira & Wrigley, I974; Pereira, Wrigley & Mautner, ~975) have, using highly purified components from infected cells or prepared from purified virions, been able to crystallize the hexon and fibre components. In this study, undertaken to obtain information concerning the structure and biochemical composition of intranuclear non-virion protein crystals induced by adenovirus type 5 (Carstens & Marusyk, 1975a, b) , it was observed that certain of the adenovirus structural components could be readily crystallized and/or reaggregated from crude infected cell extracts.
The prototype strain of human adenovirus type 5 (Ad5) was propagated in monolayer cultures of KB cells (mycoplasma free), as previously described (Marusyk, Norrby & Marusyk, I972) . The cultures were maintained in Eagle's minimal essential medium containing 2 to 5% inactivated calf serum. Virus input multiplicities of approx. IO p.f.u./cell were used in all experiments. Virus-infected cell cultures were incubated at 37 °C for 48 to 72 h prior to harvest of virus or extraction procedures.
As detailed in Fig. I , extraction of Ad5-infected cells with hypotonic buffer (O'Ol Mtris-HCl+o-oo3 M-CaCI2, pH 7"4) with subsequent clarification and concentration of the extract, resulted in the appearance of aggregated structural components in the form of 'crystals' and two-dimensional lattices. The extraction procedure was initially designed in such a manner as to release the non-virion protein crystals (' paracrystals ') induced by Ad5 infection (Carstens & Marusyk, t975b) without greatly altering the cell integrity. Analysis of the hypotonic buffer extract by polyacrylamide gel electrophoresis techniques indicated the presence of excessive amounts of hexon polypeptide (E. Carstens, unpublished data). As Pereira et al. 0968) and D6hner (I972) were able to successfully crystallize the hexon component from highly purified preparations or crude extracts, respectively, it was thought that such a technique might also be applied to the concentrated hypotonic buffer extract in order to selectively remove the hexon component or polypeptide.
Throughout the procedure described, samples were prepared for electron microscopy with the hope of visualizing virus structural components. Extensive electron microscopic examination of the extract following high-speed centrifugation (IOOOOO g, t h; to remove complete and incomplete virus particles) as well as after concentration by polyethylene glycol (PEG 6000) did not reveal any definitive entities. When the sediment formed following PEG 6000 concentration was examined, structures resembling the helical penton aggregates reported by Pereira et al. (I975) were seen. Following dialysis of the clarified and concentrated extract against a high salt, low pH buffer 0M-KH2PO4, pH 4"4) and prolonged storage (3 to 4 weeks) at 4 °C of the high salt dialysate, electron microscopy of the precipitate formed revealed numerous crystalline arrays (Fig. 2 a, b) . Prior to this observation, no structural entities were seen. These crystalline arrays consisted of bands approx. ~4 nm wide, arranged in parallel rows with a periodicity of 36 nm. Each band was seen to consist of two parallel rows of beaded electron transparent structures separated by a dark, central row. Each row of bands was connected to adjacent rows by thin filaments running perpendicular to the bands. Two types of crystalline formations were seen, one type lacking the central row. The crystalline arrays stained in an identical manner with both ~ o//o sodium silicotungstate, pH 6"8, and 1% uranyl acetate, pH 4"0. Continued storage of the specimen at 4 °C occasionally produced large arrays which filled the viewing area of the microscope (Fig. 2 d) .
Initial electron microscopic examination of the sample supernatant at the beginning of the 4 °C storage period did not reveal any identifiable structure(s). However, upon re-examination of the stored material after 3 to 4 weeks, large quantities of what appeared to be hexon subunits were seen, sometimes arranged in two-dimensional arrays (Fig. 2c, e) . Infrequently, six-sided aggregates of hexons corresponding in size and shape to empty virus capsids were seen (Fig. 2c) as were the small crystalline arrays described above. Serological analysis of the various stored preparations was attempted using defined antisera. The results, though not conclusive, did indicate that the supernatant from the stored extract (electron microscopic observation revealed hexon lattices) reacted with virion and hexon-specific antisera but not with fibre-specific antiserum, whereas the precipitate from the stored extract (electron microscopic observation revealed crystalline arrays) reacted only with virion antiserum and fibre-specific antiserum but not with hexon antiserum.
The data obtained in this study have shown that it is possible to crystallize (fibre) or re-aggregate (hexon) adenovirus structural components directly from crude virus-infected cell extracts. Previous to this study, reported crystallization techniques have involved the use of highly purified adenovirus components (Pereira et al. ~968; Mautner & Pereira, I97I; Pereira & Wrigley, ~ 974), although D6hner (1972) has reported the crystallization of hexons from crude cell extracts. In this study, crystallization or re-aggregation of virus structural components from infected cell extracts followed the apparent selective extraction of the Ad5-induced non-virion intranuclear crystals (Carstens & Marusyk, I975b ) .
The structures visualized by electron microscopy ( Fig. 2) in the supernatant and sediment of the stored cell extract have proved to be identical in morphology to those observed by Pereira and co-workers (Mautner & Pereira, ~97~ ; Pereira & Wrigley, ~974; N. Wrigley, personal communication) in their studies of purified adenovirus fibres and hexons. It is important to note that at initial times of observation (immediately at the beginning of 4 °C storage and up to 3 weeks following) no virion or hexon-like components were seen, and after formation of the lattices, structures resembling empty virus capsids were infrequently visualized. It would appear then that free hexons subsequently aggregate into the lattice forms or virus capsids. Pereira & Wrigley 0974) also observed the formation of empty capsids from purified preparations of groups of nine hexons.
During this study, suggestions were made that the fibre crystals appeared similar to metal tactoids of tropomyosin (Hurwitz & Walton, ~976) which might possibly be obtained from differentiating cells used in the extraction procedure. A comparison of the crystals from this study with purified tropomyosin in urea-SDS PAGE gels revealed no similarity (Dr L. Smillie, personal communication).
As far as is known, this study is the first in which adenovirus fibres and hexons have been crystallized or re-aggregated, respectively, from crude virus-infected cell extracts.
